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ABSTRACT

BACKGROUND
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Introduction: Hypomagnesemia leads to platelet agregability and also decreased function of magnesium
dependant enzymes, kinases and channels regulating insulin action leading to complications, and oxidative
stress is also seen because of hyperglycemia. Hence we studied the serum magnesium in patients with diabetic
nephropathy.

Materials and Methods: The present study was carried out on 30 diabetic nephropathy patients, 30 normal
healthy controls from government General hospital, Kurnool. 5 ml of blood is collected and centrifuged and
analyzed in the same day.

Results: HbA1c level were statistically significantly increased (cases 9.04 ± 1.34 % and in the controls 5.95 ±
0.14% and P<0.001,) in diabetic nephropathy patients. to contrast to this the serum Mg levels were statistically
significantly decreased in the diabetic nephropathy patients (Cases 1.66 ± 0.20 mg/dl; controls 2.25 ± 0.15 mg/
dl and P<0.001).

Conclusions:  This Mg depletion is said to have a negative impact on glucose homeostasis and insulin sensitivity
in diabetic nephropathy patient as well as on the development & progression of diabetic nephropathy. Early
diagnosis & prompt treatment of the diabetic nephropathy can improve the quality of life & increase life expectancy.
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less than 1% of total body, is distributed princi-
pally between bone (53%), muscle (27%) and soft
tissue (19%) [1]. Serum magnesium comprises
only about 0.3% of total magnesium where it
[1]. Rich sources of magnesium in the diet

Magnesium is the fourth most abundant cation
is present in 3 states-ionized (62%), protein
bound (30%) mainly to albumin, and complexed
to anions such as citrate and phosphate, only
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include cereals and legumes. Magnesium
absorption occurs principally from the ileum and
colon. Excretion of magnesium occurs via the
kidney. Magnesium is intimately involved in over
300 enzymatic reactions, particularly in
processes involving the formation and utiliza-
tion of ATP. It also has an important endocrine
function and is required for protein synthesis.
Magnesium has an essential role in the func-
tion of cell membrane sodium-potassium ATPase
pump [2]. Magnesium is an obligate ion that is
essential for the activation of many enzymes like
the enzymes involved in glucose metabolism,
fatty acid synthesis, and DNA and protein me-
tabolism. In addition, magnesium is required for
the activity of adenylate cyclase, which trans-
mits extracellular hormonal signals to the intra-
cellular apparatus. It also has a role in muscle
contraction, neuronal activity, and control of va-
somotor tone, cardiac excitability and neu-
rotransmitter release [3].
13.5 – 47.7% incidence of Hypomagnesemia
among patients with diabetes mellitus [4]. The
exact cause of hypomagnesemia in diabetics is
not known. Poor dietary intake, autonomic dys-
function, altered insulin metabolism, glomeru-
lar hyperfiltration, osmotic diuresis, recurrent
metabolic acidosis, hypophosphatemia and hy-
pokalemia may be contributory. Although dia-
betes mellitus can induce hypomagnesemia,
magnesium deficiency has also been proposed
as a risk factor for type 2 diabetes mellitus.
Some short term metabolic studies suggest that
magnesium supplementation has a beneficial
effect on insulin action and glucose metabolism
[5]. In two cross-sectional studies found Patients
with diabetic nephropathy had lower serum
magnesium levels when compared with their
counterparts, and serum magnesium levels
among the patients with diabetes mellitus had
an inverse correlation with the degree of neph-
ropathy. With this background the present study
is carried out to assess serum magnesium in
patients with diabetic nephropathy.

rology department. We included A total of 60
(30 diabetic nephropathy patients, and 30
healthy controls) age and sex matched subjects
were participated in the study by giving informed
consent form from government General hospi-
tal, Kurnool. Patients with chronic renal failure,
glomerular nephritis due to other systemic
conditions and hypertensives were excluded
from the study.
Sample collection and analysis: After an
overnight fast of 12 to 14 hrs, 5 ml blood was
collected by veni puncture. 3ml of blood was
collected in anticoagulant (EDTA and fluoride)
vacutainer. The remaining 3ml is taken into
another bottle and allowed to clot. Serum and
plasma were separated. The Fasting blood sugar
by GOD-POD method and Glycated Hemoglobin
by Micro column method on RA-50 instrument,
and Serum magnesium estimated by Calmagite
method were estimated on the same day on.
Statistical analysis: All values obtained will be
expressed as Mean (± SEM).  Unpaired
two-tailed student t-test will be performed to
compare the difference in the means between
controls and study group. A ‘P’ value <0.05 will
be considered as statistically significant.
Statistical Analysis will be done by using
Microsoft excel spread sheets.

MATERIALS AND METHODS

Study design: This case control study was
conducted.
Setting: This study was conducted at Biochem-
istry department with collaboration with Neph

RESULTS

Table 1: Shows comparison of fasting blood glucose and
Glycosylated haemoglobin (HbA1c) in between cases and
controls.

A total number of 60 subjects, 30 healthy
controls (Males: 18,and Females : 12) and 30
cases (Diabetic nephropathy subjects: Males :
19,  and Females : 11) were include in the study.

Mean SD Mean SD

FBS 182.43 13.63 92.77 4.38 <0.001
HBA1C 9.04 1.34 5.95 0.14 <0.001

Cases Control
P value
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(A) (B) (C)

Table 2:  Shows comparison of   mean serum magnesium
levels between cases and controls.

Mean SD Mean SD

Mg 1.66 0.2 2.26 0.15 <0.001

Control
P value

Cases

Table 3: Shows the correlation of FBS, HbA1c and Mg.

FBS HbA1c Mg

r 0.2 -0.21

P 0 0
r 0.2 -0.09

P 0 0

FBS

HbA1c

diabetic nephropathy [8]. The possible mecha-
nism is hyperglycemia leads to glycation of
virtually all proteins, resulting in the formation
of advanced glycation end products [9]. These
advanced glycation end products induce cross
linking of collagen and other extracellular
matrix proteins in many tissues including arte-
rial vessel walls [10]. Hyperglycemia-induced
vascular injury leads to increased glucose flux
through the polyol pathway, resulting in cellular
damage, thereby resulting in the various micro
vascular and macro vascular complications.
HbA1c is also shown to have a special affinity
for oxygen thereby causes tissue anoxia and
plays a role in causation of micro and
macroangiopathy. The interaction of advanced
glycation end products and their receptors have
been implicated as mediators of micro vascular
permeability, ischemia & angiogenesis [11].
In the present study, the Mean ± SD of serum
magnesium level in Cases (1.66 ± 0.20 mg/dl)
were decreased when compared with healthy
controls (2.25 ± 0.15 mg/dl), statistically
significant (P<0.001). Similar findings found in
studies done by Corsenello A et al, [12] have
shown the presence of hypomagnesemia in
diabetic nephropathy. The FBS and HbA1c were
significantly positively correlated (r=0.20,
p= 0.00), and but both FBS and HbA1c were
significantly negatively correlated with Mg
(r= -0.21, p=0.00 and r=-0.09, and p=0.00)
respectively.
Hypomagnesemia in patients with type 2
diabetes mellitus is very common. The exact
cause of hypomagnesemia in diabetic nephropa-
thy is not known, but an increased urinary loss
of Mg may contribute to it [13]. Some studies
revealed that hyperglycemia contribute to
hypomagnesemia by causing depression in the
net tubular reabsorption of Mg [14,15]. Hence,
Mg has been reported to possess antioxidant
property, oxidative stress may be one of the
mechanisms that underlie the association
between low serum Mg [16]. Study has also
shown that Mg intake and serum Mg concentra-
tion were inversely associated with systemic
inflammation markers, which also play a crucial
role in the pathogenesis of Microalbuminuria
[17, 18]. Poor dietary intake, impaired absorp-
tion of magnesium, increased urinary loss due

DISCUSSION
Hypomagnesemia is a series of risk factor have
been related to the development and progres-
sion of diabetic nephropathy, were more prone
for complications. In this study, 60 subjects 30
healthy controls (Males: 18, and Females: 12)
and 30 cases (Diabetic nephropathy subjects:
Males: 19, and Females: 11) and estimated
serum magnesium levels were studied in both
groups. The mean and SD of fasting blood sugar
level were cases 182.43 -± 13.63mg/dl, controls
92.77 ± 4.38 mg/dl, and Glycated haemoglobin
level in cases 9.04 ± 1.34 % and in the controls
5.95 ± 0.14% were also statistically significantly
increased (P<0.001, and <0.001 respectively) in
diabetic nephropathy patients when compared
with healthy controls. Our findings are compa-
rable with the previous studies done by Meigs
jb et al, (6) who have found that there was a
significant association between FBS levels with
the severity of diabetic nephropathypathy, and
Nathan DM et al, [7] who also observed
increased HbA1c levels in diabetic nephropathy
patients when compared to the control
group.The findings of the present study and the
previous studies show that hyperglycemia, as
indicated by the increase in the FBS and HbA1c
levels, is a potent predictor of progression of
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to hyperglycemia and osmotic diuresis may be
the contributory factors. Magnesium is neces-
sary for several enzymes that play an important
role in glucose metabolism. Magnesium deple-
tion is said to reduce the insulin sensitivity,
thereby increasing the risk of secondary com-
plications [19, 20]. Hence it is important to moni-
tor the plasma magnesium levels in diabetic
nephropathy patients. Magnesium supplemen-
tation may help to reduce the progression of
nephropathy in these patients. Early diagnosis
and prompt treatment in these patients can
reduce the onset and progression of nephropa-
thy. Further studies with oral magnesium supple-
mentation in different stages of diabetic nephr-
opathy can be interesting.

CONCLUSION

Based on the results of the present study and
data available from literature, it can be impli-
cated that HbA1c, hypomagnesemia were
involved in the development of diabetic nephr-
opathy. HbA1c levels are found to be the potent
predictor’s of progression of diabetic nephropa-
thy. Hyperglycemia leads to the formation of
advanced glycation end products, which result
in the development& progression of diabetic
nephropathy. Along with this Magnesium deple-
tion is said to have a negative impact on
glucose homeostasis and insulin sensitivity in
diabetic nephropathy patient as well as on the
development & progression of diabetic nephr-
opathy. From the results of the present study, it
can be concluded that estimation of HbA1c,
serum magnesium, can help us to predict the
onset and progression of diabetic nephropathy
and prevent development of end stage renal
disease which is a major cause of morbidity and
mortality in diabetic nephropathy patients. Early
diagnosis & prompt treatment of the diabetic
nephropathy can improve the quality of life &
increase life expectancy.
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